In the controversy that followed the publication of the results of Harlan et al. analysis of the NHANES data (1) , indicating the possibility of a causal relationship between blood lead levels and blood pressure, there were those who argued that the relationship found merely reflected the concurrent time trends of these two causally unrelated variables. It seemed to us that the most nearly appropriate source of independently acquired data from which to confirm the type of relationship described by Harlan et al. should this be a feature of the North American population as a whole, was the Canada Health Survey (CHS) (2) .
Cross-Sectional Study of General Population Sample
A particular merit of the Canadian population data is that the data were collected during the period of only 10 months, during [1978] [1979] After examining all the intercorrelations among nine possible confounder variables, two were selected for inclusion, namely serum zinc and hemoglobin level, so that the multiple regression equations computed had up to six independent variables. In addition to the linear model, we also used models in which blood lead measurements were subjected to logarithmic transformations. In contrast to the NHANES II data where the minimum blood lead concentration of 9933 values was 2 ,ug/dL (1), the CHS data included a substantial number of values below the limit of detection, making it necessary to add some positive quantity to the recorded value of zero before taking the logarithm: We experimented with arbitrary constants set at 0.1, 1.0, 3.0, and 5.0, and also with a function of the recorded value set so as to make cumulative frequency distribution of the logged values exactly Gaussian. Table 1 shows results of testing the one-sided alternative hypothesis that there is a positive relationship between blood lead level and blood pressure (excluding subjects on antihypertensive medication). Table 1 shows p-values that were derived from F-ratios associated with the regression coefficient on blood lead in each model. All but one version of the regression employing three control variables attained significance at the conventional 5% level, but none of those employing control for zinc and hemoglobin attained significance.
From the right-hand column of Table 1 , it appears that the amount of influence ascribed to blood lead by the logarithmic model may be very sensitive to the adjustment used. The estimated change in blood pressure per unit change in the transformed lead measurement ranged from as low as 0.10 [with ln(x + 0.1)] to 0.68 [with In (x + f(x)].
Using the parameter estimate given in Pirkle et al. (3) with the logarithmic model, the reduction in mean pressure achieved by successive 5.0 ,ug/dL reductions, starting from 20.0 ,ug/dL, would be as df(x) chosen to make lead variable exactly log-normal. 25 as the boundary value of the index separating "slim" from "not-so-slim"). Table 3 shows prevalence rates for the characteristic "using antihypertensive medication" and (within the population not using such medication) for the characteristic "diastolic blood pressure over 90 mm Hg." Table 4 gives estimates of relative risk (RR) derived from an (unweighted) log-linear analysis of the prevalence rates shown in Table 3 that of either of these control variables and, in the case of drug use, only one of the four widely varying estimates of relative risk obtained from Table 3 exceeds unity. In the case of elevated blood pressure, however, all four of the independent estimates of relative risk exceed unity and, provided this is agreed to be a onetailed test situation, we may conclude that the average of these values provides conventionally significant evidence against the null hypothesis (t = 2.61, using the logarithms of the four estimates).
Our overall conclusion up to this point was that
Canadian data were at least weakly supportive of the inference drawn from NHANES II, in that elevation of blood lead did seem to entail some risk of blood pressure elevation. It would have been premature, in the absence of longitudinal data, to infer that this was a cause-andeffect relationship.
Longitudinal Study of an Occupationally Exposed Group
A search was therefore made in Canada for any group of subjects whose blood lead levels and blood pressure had been measured repeatedly. By studying the variation within individual subjects over time, it was hoped to obtain control over most of the potential confounders that could afflict a cross-sectional study, while the inclusion of age as an independent variable would control for time trends. A suitable study population was identified at foundry B, where over 500 subjects had been examined annually for periods of up to 14 years.
Though the blood pressure records showed some evidence of digit preference (excessive numbers of even values and multiples of 5), the overall distribution was in good agreement with expectation, having an individual variance (diastolic) of about 100 mm' Hg. This body of data was therefore judged suitable for testing the hypothesis that, within individuals, blood pressure and blood lead level tend to rise and fall together. Statistically significant support for the latter hypothesis would enhance the credibility of a causeand-effect relationship between the two variables.
Preliminary analysis was carried out by multiple linear regression using the individual employee as the unit of study, with blood pressure (either diastolic or systolic) as the dependent variable. Although for the majority of subjects data are available for 14 years, the present report shows results based exclusively on the period 1979-1985.
From a total of 288 regression estimates of the dependence of diastolic pressure on age, we see in Table 5 that the average rate of increase was 1.161 mm Hg per year. Likewise, each additional kilogram of body weight added an average of 0.312 mm Hg to the diastolic pressure. (Because the height of each adult subject could be assumed constant, weight, rather than its ratio to height, was used in the longitudinal analysis.) From these same equations the average change in diastolic pressure per microgram per deciliter of lead was estimated to be 0.298 mm Hg, a quantity that exceeds 2.5 times its standard error. The corresponding value for systolic blood pressure was only 0.210 mm Hg, which falls just short of conventional significance (one-tailed p = 0.064).
Interpretation of these results should take into account the concurrent exposure of lead workers to cadmium in the smelter environment, since cadmium has been implicated both in experimental and clinical studies of hypertension. Fortunately, determinations of urinary cadmium were begun on a routine basis in 1979 and were available for all subjects included in the analysis described previously. As more data accumu- late, the possibility of distinguishing between the effects of these two metals will improve. Table 6 shows results of a regression analysis in which cadmium, as well as lead, has been used as an independent variable. However, because of the limited number of data points per subject, it was necessary at this stage to exclude the weight variable, so the results are not directly comparable with those in Table 5 . The mean values of the coefficients for lead and cadmium are both positive, but neither can be considered independently significant. Of the two coefficients, that related to cadmium is likely to be the more attenuated by instability of urinary cadmium levels. We also calculated 281 within-subject regression equations for diastolic pressure using cadmium instead of blood lead, while retaining age and body weight as control variables. In 214 of these equations (a proportion of 0.562), the coefficient for cadmium was positive, a clearly significant result (p = 0.008).
In the corresponding analysis for systolic pressure, the proportion of positive coefficients was only 0.441, again failing to match the effect seen for diastolic pressure. Within this occupationally exposed group, there is known to be a positive correlation between the levels of these two metals: This may well be the case also in the population at large. The problem of distinguishing a lead effect from a cadmium effect must therefore be of concern for all investigators in this field.
Two other points also have to be considered: a) the form of the dose-response relationship (bearing both on the reconciliation of results from occupationally exposed groups with those from general population samples, and on the public health use one can make of the estimates), and b) the question of time lag or cum- 
Discussion
An assumption of the present analysis was that any dependence of blood pressure on lead level would be simply linear. In the analysis of Pirkle et al. (3), a logarithmic model was postulated, under which a given absolute increment in blood lead level would have a much greater effect on a subject in the lower (general population) range than on one in the upper (occupationally exposed) range. Examination of a subset of foundry B employees whose lead levels showed especially large fluctuations on a ratio scale (at least doubling or halving within the period of observation) produced no support for the idea of a dependence of blood pressure on logarithm of lead level.
A second, and less comfortable assumption was that the effects on blood pressure of variation in blood lead level (and also of variation in body weight) would be expressed immediately, or after an interval that was short in relation to the interval between examinations (usually about 12 months). If this assumption is incorrect, then the association between blood pressure and blood lead (as well as body weight) could be more regular and more important than present results suggest. 
